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D s ription 

This application claims the benefit of U.S. Provisional Application No. 60/050,124] filed June 18, 1997. 
5 FIELD OF INVENTION * 

This invention relates to newly identified polynucleotides, polypeptides encoded by them and to the use, of such 
polynucleotides and polypeptides, and to their production. More particularly, the polynucleotides and polypeptides of 
the present invention relate to the G-protein coupled recep^ 
10 also relates to inhibiting or activating the action of such polynucleotides and polypeptides. 1 ; ; 

. BACKGROUND OF THE INVENTION / ' ^ . , / . 

It is well established that many medically significant biological processes are mediated by proteins participating in 
is signal transduction pathways that involve G-proteins and/or second messengers, e.g.,cAMP (Lefkowitz, Nature, 1991, 
351 :353-354). Herein these proteins are referred to as proteins participating in pathways with G-proteins or PPG pro- 
teins. Some examples of these proteins include the GPC receptors, such as those for adrenergic agents and dopamine 
(Kobilka. B.K., et al., Proc. Natl Acad. Set, USA, 1987, 84:46-50; Kobilka, B.K., et al., Science, 1987, 238:650-656; 
Bunzow, J.R.; et al., Nature, 1988, 336:783-787), G-proteins themselves, effector proteins, e.g., phospholipase C, . 
20 ' adenyl cyclase, and phosphodiesterase, and actuator proteins, e.g., protein. kinase A and protein kinase C (Simon, M. 
l;/etal., Science, 1991, 252:802-8). 

For example, in one form of signal transduction, the effect of hormone binding is activation of the enzyme, adenylate 
cyclase, inside the cell. Enzyme activation by hormones is dependent on the presence of the nucleotide, GTP. GTP 
also influences hormone binding. A G-protein connects the hormone receptor to adenylate cyclase. G-protein was 
25 shown to exchangeGTP for bound GDP when activated by ^hormone Teceptor^he GTP^arryjng foiTri then binds to - - 
activated adenylateicyclase. Hydrolysis of GTP to GDP, ; catalyzed^by theG-protein itself, returns the' G-protein- to its : 
basal, inactive form. Thus, the G-protein serves a dual role, as an intermediate that relays the signal from receptor to - 
effector, and as a clock that controls the duration otthe signaL , 

The membrane protein; gene superf ami ly of Grprotein coupled receptors has been characterized as having seven 1 ■ 
30 putative transmembrane domains. The domains are believed to represent transmembrane a-helices connected by 
extracellular or cytoplasmic loops. G-protein coupled receptors include awide range of biologically active receptors, 
such as hormone, viral, growth factor and neuroreceptors. ^ i - 

G-protein. coupled receptprs.(otherwise known as 7TM receptors) have been characterized as including these 
^ seven conserved hydrophobic stretches of about 20 to 30 amino acids, connecting at least eight divergent hydrophilic: 
35^ loops. The G-protein family of> coupled receptors includes dopamine receptors which bind. to neuroleptic drugs used 
for treating psychotic and neurological, disorders.-* Other examples ofcmembers of this family include, butare not limited 
to, calcitonin, adrenergic, endothelin, cAMP, adenosine, muscarinic, acetylcholine, serotonin, histamine, thrombinr^ki- 
nin, follicle stimulating hormone, opsins, endothelial differentiation gene- 1 , rhodopsins, odorant, and cytomegalovirus 
. receptors. i v 
40 Most G-protein coupled receptors have single conserved cysteine residues in each of the first two extracellular 

loops which form disulfide bonds that are believed to stabilize functional protein structure. The 7 transmembrane regions 
are designated as TM1 , TM2, TM3, TM4, TM5, TM6, and TM7. TM3 has been implicated in signal transduction. 

. Phosphorylation and lipidation (palmitylation or farnesylation) of cysteine residues can influence signal transduc- 
tion of some G-protein coupled receptors. Most G-protein coupled receptors contain potential phosphorylation sites 
45 within the third cytoplasmic loop and/or the carboxy term in us. For several G-protein coupled receptors, such as the P- 
adrenoreceptor, phosphorylation by protein kinase A and/or specific receptor kinases mediates receptor desensitiza- 

tion. . , 

; For some receptors, the ligand binding sites of G-protein coupled receptors are believed to comprise hydrophilic 

sockets formed by several G-protein coupled receptor transmembrane domains, said sockets being surrounded by 

so hydrophobic residues of the G-protein coupled receptors. The hydrophilic side of each G-protein coupled receptor 
transmembrane helix is postulated to face inward and form a polar ligand binding site. TM3 has been implicated in < 
several G-protein coupled receptors as having a ligand binding site, such as the TM3 aspartate residue. TM5 serines, 
a TM6 asparagine and TM6 or TM7 phenylalanines or tyrosines are also implicated in ligand binding. 

G-protein coupled receptors can be intracellularly coupled by heterotrimeric G-proteins to various intracellular 

55 enzymes, ion channels and transporters (see, Johnson et al., Endoc. Rev, 1989, 10:317-331) Different G-protein a- 
subunits preferentially stimulate particular effectors to modulate various biological functions in a cell. Phosphorylation 
of cytoplasmic residues of G-protein coupled receptors have been identified as an important mechanism for the reg- 
ulation of G-protein coupling of some G-protein coupled receptors. G-protein coupled receptors are found in numerous 
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sites within a mammalian host. 

Over the past 15 years, nearly 350 therapeutic agents targeting 7 transmembrane (7 TM) receptors have been 
successfully introduced into the market. 

This indicates that these receptors have an established, proven history as therapeutic targets. Clearly there is a 
5 need for identification and characterization of further receptors which can play a role in preventing, ameliorating or 
correcting dysfunctions or diseases, including, but not limited to, infections such as bacterial, fungal, protozoan and 
viral infections, particularly infections caused by HIV- 1 or HIV-2; pain; cancers; anorexia; bulimia; asthma; Parkinson's 
disease; acute heart failure; hypotension; hypertension; urinary retention; osteoporosis; angina pectoris; myocardial 
infarction; ulcers; asthma; allergies; benign prostatic hypertrophy; and psychotic and neurological disorders, including 
io anxiety, schizophrenia, manic depression, delirium, dementia, severe mental retardation and dyskinesias, such as 
Huntington's disease or Gilles dela Tourett's syndrome. 

SUMMARY OF THE INVENTION 

is In one aspect, the invention relates to HEOAD54 polypeptides and recombinant materials and methods for their 

production. Another aspect of the invention relates to methods for using such HEOAD54 polypeptides and polynucle- 
otides. Such uses include the treatment of infections such as bacterial, fungal, protozoan and viral infections, particularly 
infections caused by HIV- 1 or HIV-2; pain: cancers; anorexia; bulimia; asthma; Parkinson's disease; acute heart failure; 
hypotension; hypertension; urinary retention; osteoporosis; angina pectoris; myocardial infarction; ulcers; asthma; al- 

20 lergies; benign prostatic hypertrophy; and psychotic and neurological disorders, including anxiety, schizophrenia/manic 
depression, delirium, dementia, severe mental retardation and dyskinesias, such as Huntington's disease or Gilles 
dela Tourett's syndrome, among others. In still another aspect, the invention relates to methods to identify agonists 
and antagonists using the materials provided by the invention, and treating conditions associated with HEOAD54 im- 
balance with the identified compounds. Yet another aspect of the invention relates to diagnostic assays for detecting 

25 diseases associated with inappropriate HEOAD54 activity or levels. . 

DESCRIPTION OF THE INVENTION 
Definitions 

30 "'■ 

The following definitions are provided to facilitate understanding of certain terms used frequently herein. 
"HEOAD54" refers, among others, to a polypeptide comprising the amino acid sequence set forth in SEQ ID NO: 
2, or an allelic variant thereof: 

■Receptor Activity" or "Biological Activity of the Receptor" refers to the metabolic or physiologic function of said 
35 HEOAD54 including similar activities or improved activities or these activities with decreased undesirable side-effects. 
Also included are antigenic and immunogenic activities of said HEOAD54. 

"HEOAD54 gene" refers to a polynucleotide comprising the nucleotide sequence set forth in SEQ id'NO: 1 or 
allelic variants thereof and/or their complements. 

"Antibodies" as used herein includes polyclonal and monoclonal antibodies, chimeric, single chain, and humanized 
40 antibodies, as well as Fab fragments, including the products of an Fab or other immunoglobulin expression library. 

"Isolated" means altered "by the hand of man" from the natural state. If an "isolated" composition or substance 
occurs in nature, it has been changed or removed from its original environment, or both. For example, a polynucleotide 
or a polypeptide naturally present in a living animal is not "isolated," but the same polynucleotide or polypeptide sep- 
arated from the coexisting materials of its natural state is "isolated", as the term is employed herein. 
45 "Polynucleotide" generally refers to any polyribonucleotide or polydeoxribonucleotide, which may be unmodified 

RNA or DN A or modified RNA or DN A. "Polynucleotides' include, without limitation single- and double-stranded DNA, 
DNA that is a mixture of single- and double-stranded regions, single- and double-stranded RNA, and RNA that is 
mixture of single-ahd double-stranded regions, hybrid molecules comprising DNA and RNA that may be single-stranded 
or, more typically, double-stranded or a mixture of single- and double-stranded regions. In addition, "polynucleotide" 
refers to triple-stranded regions comprising RNA or DNA or both RNA and DNA. The term polynucleotide also includes 
DNAs or RNAs containing one or more modified bases and DNAs or RNAs with backbones modified for stability or for 
other reasons. "Modified" bases include, for example, trityiated bases and unusual bases such as inosine. A variety 
of modifications has been made to DNA and RNA; thus, "polynucleotide" embraces chemically, enzymaticaliy or met- 
abolically modified forms of polynucleotides as typically found in nature, as well as the chemical forms of DNA and 
55 rna characteristic of viruses and cells. "Polynucleotide" also embraces relatively short polynucleotides, often referred 
to as oligonucleotides. 

■Polypeptide" refers to any peptide or protein comprising two or more amino acids joined to each other by peptide 
bonds or modified peptide bonds, i.e., peptide isosteres. "Polypeptid " refers to both short chains, commonly referred 
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nlrX in the jnuch modifications are well described in basic texts and in more detail d monographs as 
a w r e e ,l as "J S inoufreSarch Mature. Modifiers can occur anywhere in a ^^iS 
backbone the amino acid side-chains and the amino or carboxyl termini. lt will be appreciated that the same type of 
^T^rriTbepLenX in ihe same or varying degrees at several sites in a given polypept.de. Also a grven 
SS^^cSiSS types of modifications. Polypeptides may be branched as a result of ub.qu.t,na K>n, and 
S mav^be cycSc with or without branching. Cyclic, branched and branched cyclic polypeptides may resu from 
«T^!,t,n n«turrorocesse S or may be made by synthetic methods. Modifications include acetylat,on, acylation, 

ADP^ 

c7a nucleotide o nucleotide derivative, covaient attachment of a lipid or lipid derivative, covalent attachment of phos- 
ohot?dvCsrtol cross-linking cyclization, disulfide bond formation, demethylation, formation of covalent cross-links, 

20 B c ^ Johnson Ed Academic Press New York. 1983; Seifter e/ a/., "Analysis for protein modifications and nonprotein 
:S^ ! ^!1^^(1990)-182«26«6 and Rattan et a,., 'Protein Synthesis: Posttranslatonal Mod,f.cat,ons 

or pofypeptide respectively, but retains essential properties. A typical variant of a pofynuceotide drfte^ in nudeptde 
25 !™ce from another.,reference polynucleotide. Chariges.in the nucleotide sequence oUhe-vanantmay or rray^ 

resu. SaLoacid substitutions, additions. de.etions. fusions.and truncations in ^polypeptide encode^^^^ 
erenc^rence, as discussed below. Atypical variant of a polypeptide differs in am.no acid sequence .from^anothe^ 
ref^ren^ 

so TZ ^Tsel ^ overall and, in many regions, identical. A variant and reference PO'VP^* may drffeMn 
Z no ac M sequence by one or more substitutions, additions, deletions in any combinafon. A ^bsWuted or ^ .nserted 
am no acid residue rnay or rf«y 

mal b a naSfy occurring such.as an allelic variant, or.it may be a variant that is not known to occur n^^^; 
ZraHyTcurring variants of porynucleotties and porypeptides may be made by mutagenesis techniques or by d.rect . 

35 ^-iSntity" is a measure of the identrty of nucleotide sequences or amino acid sequences: In general, the sequences 
are ahqned so that the highest order match is obtained. -Identity" per se has ah art-recogn,zed mean.ng and can be 
c^cu.^^ 

ur e 7srtv PrLss New York, 1988; BIOCOMPUTING: INFORMATICS AND GENOME PROJECTS, Smith, D W. ed.. 
40 , Academic P est New York 1993 COMPUTER ANALYSIS OF SEQUENCE DATA. PART I.. Griffin AM, and Grrrhn. 
' S^X-T^WW 1994; SEQUENCE ANALYSIS IN MOLECULAR B^vonHe^ 
Academic Press 1987" and SEQUENCE ANALYSIS PRIMER. Gribskov, M. and Devereux, J., eds.. M Stockton Press. 
Sew York 1991)' vLe there exist a number of methods to measure identity between two polynuc.eot.de or pp ypept.de 
seau^ces^ 

limited to those disclosed in Guide to Huge Computers. Martin J. Bishop, ed.. Academic Press, San D.ego, 1994, and 
Cariho H and Lipton^ D., SIAM J Applied Matt, (1988) 48:1073. Methods to determine identity and similarity are 
• codi ed in computer programs. Preferred computer program methods to determine bentity and s.milanty between^ two 
sequences include but are not limrted to. GCS program package (Devereux. J., et a,. NuctocAcds Research^**) 
so i2(1V387),BLASTRBLASTN.FASTA(Atschul,S.F.efa/..J/^/^Bto/(1990)215:403) . iriBntitu . 

Asan llustration, by a polynucleotide having a nucleotide sequence having at least, for example. 95% .den ty 
to atefeTen« ^nucTeotide sequence of SEQ ID NO: 1 is intended that the nucleotide sequence of the polynuc eot.de 
s iden fcal to th Preference sequence except that the polynucleotide sequence may include up to f.ve pent muta .ons 
^each Sic Sides of the reference nucleotide sequence of SEQ ID NO: 1 . In other words, tq oM» a > pojynu- 
ss deoSe having a nucleotide sequence at least 95% identical to a reference nucleotide sequence up to 5% o the 
nucSdeT^ 

up to 5% of the total nucleotides in the reference sequence may be inserted .nto the reference ^»"^™» 
mutations of the reference sequence may occur at the 5 or 3 terminal positions of the reference nucleot.de sequence 
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or anywhere between those terminal positions, interspersed either individually among nucleotides in the reference 
sequence or in one.or more contiguous groups within the reference sequence. 

Similarly, by a polypeptide having an amino acid sequence having at least, for example, 95% "identity" to a refer- 
ence amino acid sequence of SEQ ID NO:2 is intended that the amino acid sequence of the polypeptide is identical 
to the reference sequence except that the polypeptide sequence may include up to five amino acid alterations per each 
100 amino acids of the reference amino acid of SEQ ID NO: 2. In other words, to obtain a polypeptide having an amino 
acid sequence at least 95% identical to a reference amino acid sequence, up to 5% of the amino acid residues in the 
reference sequence may be deleted or substituted with another amino acid, or a number- of amino acids up to 5% of 
the total amino acid residues in the reference sequence may be inserted into the reference sequence. These alterations 
of the reference sequence may occur at the amino or carboxy terminal positions of the reference amino acid sequence 
or anywhere between those terminal positions, interspersed either individually among residues in the reference se- 
quence or in one or more contiguous groups within the reference sequence. 

Polypeptides of the Invention 

In one aspect, the present invention relates to HEOAD54 polypeptides (or HEOAD54 proteins). The HEOAD54 
polypeptides include the polypeptides of SEQ ID NOS:2 and 4; as well as polypeptides comprising the amino acid 
sequence of SEQ ID NO:2; and polypeptides comprising the amino acid sequence which have at least 80% identity 
to that of SEQ ID NO:2 over its entire length, and still more preferably at least 90% identity, and even still more preferably 
at least 95% identity to SEQ ID NO: 2. Furthermore, those with at least 97-99% are highly preferred. Also included 
within HEOAD54 polypeptides are polypeptides having the amino acid sequence which have at least 80% identity to 
the polypeptide having the amino acid sequence of SEQ ID NO: 2 over its entire length, and still more preferably at 
least 90% identity, and even still more preferably at least 95% identity to SEQ ID NO: 2. Furthermore, those with at 
least 97-99% are highly preferred. Preferably, HEOAD54 polypeptides exhibit at least one biological activity of the 
receptor. .... 

The HEOAD54 polypeptides may be in the form of the "mature" protein or may be a part of a larger protein such . 
as a fusion protein. It is often advantageous to include an additional amino acid sequence which contains secretory 
or leader sequences, pro-sequences, sequences which aid in purification such as multiple histidine residues, or an 
additional sequence for stability during recombinant production. t 

Fragments of the.HEOAD54 polypeptides are also included in the invention. A fragment is a polypeptide having 
an amino acid sequence that entirely is the same as part, but not all, of the amino acid sequence of the aforementioned 
HEOAD54 polypeptides. As with HEOAD54 polypeptides, fragments may be "free-standing," or comprised within a 
larger polypeptide of which they form a part or region, most preferably as a single continuous region. Representative 
examples of polypeptide fragments of the invention, include, for example, fragments from about amino acid number 
1 -20, 21-40, 41-60, 61-80, 81-100, and 101 to the end of HEOAD54 polypeptide. In this context "about" includes the 
particularly recited ranges larger or smaller by several, 5, 4, 3, 2 or 1 amino acid at either extreme or at both extremes. 

Preferred fragments include, for example, truncation polypeptides having the amino acid sequence of HEOAD54 
polypeptides, except for deletion of a continuous series of residues that includes the amino terminus, or a continuous 
series of residues that includes the carboxyl terminus or deletion of two continuous series of residues, one including 
the amino terminus and one including the carboxyl terminus. Also preferred are fragments characterized by structural 
or functional attributes such as fragments that comprise alpha-helix and alpha-helix forming regions, beta-sheet and 
beta-sheet-forming regions, turn and turn-forming regions, coil and coil-forming regions, hydrophilic regions, hydro- 
phobic regions, alpha amphipathic regions, beta amphipathic regions, flexible regions, surface -forming regions, sub- 
strate binding region, and high antigenic index regions. Other preferred fragments are biologically active fragments. 
Biologically active fragments are those that mediate receptor activity, including those with a similar activity or an im- 
proved activity, or with a decreased undesirable activity. Also included are those that are antigenic or immunogenic in 
an animal, especially in a human. 

Preferably, all of these polypeptide fragments retain the biological activity of the receptor, including antigenic ac- 
tivity. Among the most preferred fragment is that having the amino acid sequence of SEQ ID NO: 4. variants of the 
defined sequence and fragments also form part of the present invention. Preferred variants are those that vary from 
the referents by conservative amino acid substitutions -- i.e., those that substitute a residue with another of like char- 
acteristics. Typical such substitutions are among Ala, Va\ t Leu and lie; among Ser and Thr; among the acidic residues 
Asp and Glu; among Asn and Gin; and among the basic residues Lys and Arg; or aromatic residues Phe and Tyr. 
Particularly preferred are variants in which several, 5-10, 1 -5, or 1-2 amino acids are substituted, deleted, or added in 
any combination. 

The HEOAD54 polypeptides of the invention can be prepared in any suitable manner. Such polypeptides include 
isolated naturally occurring polypeptides, recombinantly produced polypeptides, synthetically produced polypeptides, 
or polypeptides produced by a combination of these methods. Means for preparing such polypeptides are well und r- 
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stood in the art. 

Polynu leotid sof th Inventi n 



5 Another aspect of the invention relat sto HEOAD54 polynucleotides. HEOAD54 polynucleotides include isolated 

polynucleotides which encode the HEOAD54 polypeptides and fragments, and polynucleotides closely related thereto. 
More specifically HEOAD54 polynucleotides of the invention include a polynucleotide comprising the nucleotide se- 
• auence contained in SEQ ID NO:1 encoding an HEOAD54 polypeptide of SEQ ID NO:- 2, and polynucleotides having 
- the particular sequences of SEQ ID NOS:l and 3. HEOAD54 polynucleotides further include a polynucleotide corn- 
to prising a nucleotide sequence that has at least 80% identity over its entire length to a nucleotide sequence encoding 
the HEOAD54 polypeptide of SEQ ID NO:2, and a polynucleotide. comprising a nucleotide sequence that is at least 
80% identical to that of SEQ ID NO:1 over its entire length. In this regard, polynucleotides at least 90% identical are 
particularly preferred, and those with at least 95% are especially preferred. Furthermore, those with at least 97% are 
highly preferred and those with at least 98-99% are most highly preferred, with at least 99% being the most preferred, 
rs Also included under HEOAD54 polynucleotides are a nucleotide sequence which has sufficient identity to a nucleotide 
sequence contained in SEQ ID NO:1 to hybridize under conditions useable for amplification or for use as a probe or 
marker The invention also provides polynucleotides which are complementary to such HEOAD54 polynucleotides/ 

HEOAD54 of the invention is structurally related to other proteins of the G-protein coupled receptor family, as 
shown by the results of sequencing the cDNA encoding human HEOAD54. The cDNA sequence of SEQ ID NO:1 
20 contains an open reading frame (nucleotide number 236 to 1504) encoding a polypeptide of 423 amino acids of SEQ 
ID NO-2 The amino acid sequence of Table i (SEQ ID NO:2) has about 40.2 % identity (using FASTA) ip 291 amino 
acid residues with human probable G-protein coupled receptor, HM74 (Accession # P4901 9, Nomura, H. el al, Int. 
Immunol 5 1239-1249, 1993). Furthermore, HEOAD54 (SEQ ID NO: 2) is 27.3% identicalto human P2U pur.noceptor 
over 341 amino acid residues (Accession # P41 231 , Parr, C.E et al, Proc. Natl. Sci. U.S.A. 91 : 3275-3279, 1 994V The 
25 nucleotide sequence of Table 1 (SEQ ID NO:1) has about 98:25 %Mdentity (using;BL.AST) : ih' 17V nucleotide residues . 
With yc63g05 : r1 Homo sapiens cDNA clone 85400 5' (Accession # T721 22, Wilson,'R;et al; AAfashU-Merck EST project, 
Unpublished -1 995) Furthermore, HEOAD54 (SEQ ID NO: 1 ) is 55.59 % :identical to human G-protein coupled receptor 
mRNA over 349 nucleic acid residues (Accession # U35398, An.S. et al, Unpublished;1995):-Thus, HEOAD54 polypep- 
tides and polynucleotides of the present invention are expected to have; inter alia; similar biological functions/properties 

30 : to their homologous polypeptides and polynucleotides, and their utility is obvious to anyone skilled in the art. 
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1 


GACTATCCTC 


CCACTTCAGG 


GTTTCTCTGG 


GCTTCCATCT 


TGCCCCTGCT 




51 


GAGCCCTGCT 


TCCTCCTCTA 


CCAGCAGCAC 


AACCCCCAGG 


CTGGGCTCAG 


10 


101 


AGACCTCATG 


TGGTGGGATC 


ACTCAGTACC 


CCGAGGCGGA 


GGGAAGGAGG 




151 


GAGGGCTGCA 


GGGTTCCCCT 


TGGCCTGCAA 


ACAGGAACAC 


AGGGTGTTTC 


IS 


201 


TCAGTGGCTG 


CGAGAATGCT 


GATGAAAACC 


CCAGGATGTT 


GTGTCACCGT 




251 


GGTGGCCAGC 


TGATAGTGCC 


AAT CAT C C C A 


CTTTGCCCTG 


AGCACTCCTG 


20 


301 


CAGGGGTAGA 


AGACTCCAGA 


ACCTTCTCTC 


AGGCCCATGG 


CCCAAGCAGC 




. 351 


CCATGGAACT 


TCATAACCTG 


AGCTCTCCAT 


CTCCCTCTCT 


CTCCTCCTCT 


2S 


401 


GTTCTCCCTC 


CCTCCTTCTC 


TCCCTCACCC 


TCCTCTGCTC 


CCTCTGCCTT , , v 




451 


TACCACTGTG 


GGGGGGTCCT 


CTGGAGGGCC 


CTGCCACCCC 


ACCTCTTCCT ^ - 


30 


501 


CGCTGGTGTC 


TGCCTTCCTG 


GCACCAATCC 


TGGCCCTGGA 


GTTTGTCCTG ~ . - 




551 


GGCCTGGTGG 


GGAACAGTTT 


GGCCCTCTTC 


ATCTTCTGCA 


TCCACACGCG 


3S 




GC C CT G G ACC 


T CC AACACGG 


TGTTCCTGGT 


CAGCCTGGTG 


GCCGCTGACT 




651 


TCCTCCTGAT 


CAGCAACCTG 


CCCCTCCGCG 


TGGACTACTA 


CCTCCTCCAT 


40 


701 


GAGACCTGGC 


GCTTTGGGGC 


TGCTGCCTGC 


AAAGTCAACC 


TCTTCATGCT 




751 


GTCCACCAAC 


CGCACGGCCA 


GCGTTGTCTT 


CCTCACAGCC 


ATCGCACTCA 



45 
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45 



80i "accgctacct. gaaggtggtg cagccccaccacgtgctgag ccgtgctt.cc 

851 GTGGGGGCAG CTGCCCGGGT .GGCCGGGGGA CTCTGGGTGG GCATCCTGCT 



901 ^ 


'CCTGAACGGG - 


GACCTGCTCC 


TGAGCACCT.T 


CTCCG.GCCCC _ 


TCCTGCCTCA _ 


951 . 


'GCT ACAGGGT _ 


GGGCACGAAG 


CCCTCGGCCT 


CGCTCCGCTG 


GCACCAGGCA 


100.1 


CTGTACCTGC 


TGGAGTTCTT 


CCTGCCACTG 


GCGCTCATCC 


TCTTTGCTAT. 


1C51 : 


"tgtgagcatt 


GGGCTCACCA 


TCCGGAACCG 


TGGTCTGGGC 


GGGCAGGCAG 


1101 


' GCCCGCAGAG 


'GGCCATGCGT 


GTGCTGGCCA 


TGGTGGTGGC 


CGTCTACACC 


1151 


*: ATCTGCTTCT 


TGGCCAGCAT 


CATCTTTGGC 


ATGGCTTCCA 


TGGTGGCTTT 


1'201 


GTGGCTGTCC 


GCCTGCCGCT 


CCCTGGACCT 


CTGCACACAG 


'.. CTGTTCGATG ' 


1251 


GCTCCCTGGC 


CTTCACCTAC 


. CTCAACAGTG 


TCCTGGACCC 


.CGTGCTCTAC" 


1301 


* TGCTTCTCTA 


GCCCCAACTT 


CCTCCACCAG 


AGCCGGGCCT 


TGCTGGGC.CT 


1351 


CACGCGGGGC 


CGGCAGGGCC 


CAGTGAGCGA 


. CGAGAGCTCC 


. TACCAACCCT 



14 01 CCAGGCAGTG GCGCTACCGG GAGGCCTCT A GGAAGGCGG A GGCCATAGGG 

1 4 51 AAGCTGAAAG TGCAGGGCGA GGTCTCTCTG GAAAAGGAAG GCTCCTCCCA 

1501 GGGCTGAGGG CCAGCTGCAG GGCTGCAGCG CTGTGGGGGT AAGGGCTGCC 

1551 ' GCGCTCTGGC. CTGGAGGGAC AAGGCCAGCA CACGGTGCCT CAAC ■ -'/V 



3 A nucleotide sequ ence of a human HEOAD54 (SEQ ID NO; 1) 
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1 MLCHRGGQLI VPIIPLCPEH SCRGRRLQNL LSGPWPKQPM ELHNLSSPSP 
51 SLSSSVLPPS FSPSPSSAPS AFTTVGGSSG GPCHPTSSSL VSAFLAPILA 
101 LEFVLGLVGN SLALFIFCIH TRPWTSNTVF LVSLVAADFL LISNLPLRVD 
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YYLLHE7WRF 


GAAACKVNLF 


ML5TNRTASV 


VFLTAIALNR 


YLKVVQPHHV 


5 


201 


LSRASVGAAA 


RVAGGLWVGI 


LLLNGHLLLS 


TFSGPSCLSY 


RVGTKPSASL 




251 


'.RWHQALYLLE 


FFLPLALILF 


AIVSIGLTIR 


NRGLGGQAGP 


QRAMRVLAMV 


10 


301 


VAVYTICFLP 


S I I FGMASMV 


AFWLSACRSL 


DLCTQLFHGS 


LAFTYLNSVL 




351 


DPVLYCFSSP 


NFLHQSRALL 


GLTRGRQGPV 


SDESSYQPSR 


QWRYREASRK 


75 


'401 


AEAIGKLKVQ 


GEVSLEKEGS 


SQG 







An amino acid sequence of a human HEOAD54 (SEQ ID NO: 2) . 



One polynucleotide of the present invention encoding HEOAD54 may be obtained using standard cloning and 

20 screening, from a cDNA library derived from mRNA in cells of human Eosinophils using the expressed sequence tag 
(EST) analysis (Adams, M.D., etai Science (1991) 252:1651-1656; Adams, M.D. era/., Nature, (1992) 355:632-634; 
Adams, M.D., et ai, Nature (1 995) 377 Supp:3-1 74). Polynucleotides of the invention can also be obtained from natural 
sources such as genomic DN A libraries or can be synthesized using well known and commercially available techniques. 
The nucleotide sequence encoding the HEOAD54 polypeptide of SEQ I D NO:2 may be identical to the polypeptide 

25 encoding sequence contained in Table 1 (nucleotide number 236 to 1504 of SEQ ID NO:1), or it may be aisequence, 
which as a result of the redundancy (degeneracy) of the genetic code, also encodes the polypeptide of SEQ ID NO:2. 

When the polynucleotides of the invention are used for the recombinant production of the HEOAD54 polypeptide, 
the polynucleotide may include the coding sequence for the mature polypeptide or a fragment thereof, by itself; the 
coding sequence for the mature polypeptide or fragment in reading frame with other coding sequences, such as those 

30 encoding a leader or secretory sequence, a pre-, or pro- or prepro- protein sequence, or other fusion peptide portions. 
For example, a marker sequence which facilitates purification of the fused polypeptide can be encoded. In certain 
preferred embodiments of this aspect of the invention, the marker sequence is a hexa-histidine peptide, as provided 
in the pQE vector (Qiagen, Inc.) and described in Gentz et al. t Proc Natl Acad Sci USA (1989) 86:821-824, or is an 
HA tag. The polynucleotide may also contain non-coding 5' and 3* sequences, such as transcribed, non-translat d 

3S sequences, splicing and polyadenylation signals, ribosome binding sites and sequences that stabilize mRNA. , 

Further preferred embodiments are polynucleotides encoding HEOAD54 variants comprising the amino acid se- 
quence of the HEOAD54 polypeptide of Table 2 (SEQ ID NO:2) in which several, 5-10, 1-5, 1-3, 1-2 or 1 amino acid 
residues are substituted, deleted or added, in any combination. Among the preferred polynucleotides of the present 
invention is contained in Table 3 (SEQ ID NO; 3) encoding the amino acid sequence of Table 4 (SEQ ID NO: 4). 

40 
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Table 3 s 



GGCACGAGCTGCCTTGCTGGCACCAATCCTGGCCCTGGAGTTTGTCCTGGGCCTGGTGGGGAACAGTTT 
GGCCCTCTTCATCTTCTGCATCCACACGCGGCCCTGGACCTCCAACACGGTGTTCCTGGTCAGCCTGGT 
GGCCGCTGACTTCCTCCTGATCAGCAACCTGCCCCTCCGCGTGGACTACTACCTCCTCCATGAGACCTG 
QCGCTTTGGGGCTGCTGCCTGCAAAGTCAACCTCTTCATGCTGTCNACCAACCGCAAGGCCAGCGTTGT 

CTTCCTCACAGCCATCGCACTCAACC^ . 
TTCCGTGGGGGCANCTGCCCGGGTGGNCGGGGGAATCTGGGTGGGCATCCTGCTCCTCAACGGGNACCT 

GCTCCTGAACACCTTCTCCGGCCCCTCCTGCeTCAGCTACAGGGTGGGCACGAARCCCTCGGCCTCGCT 

CCGCTGGCACCAGGCACTGTACCTGCTGGARTTYTTCCTGCCACTGGCGCTCATCCTCTTTGCTATTGT 

GAGCATTGGGGTCACCATCCGGAACCGTGGTCTGGGCGGGCAGGpAGGCCCGeAGAGGGCCATGCGTGT 

NCTGGCCATGGTGGTGGCYGTCTACACCATCTGCTTCTTGCCCAGCATCATCTTTGGCATGGCTTCCAT 

GGTGGCTTTCTGGCTGTCCGCCTGCCGATCCCTGGACCTCTGC^CACAGCTCTTCCA 

CTTCACCTACCTCAACAGTGTCCTGGACCCCGTGCTCTACTGCTTCTCTAGCCCCAACTTCCTCCACCA 

GAACCGGGCCTTGCTGGGCCTC^CGCGGGGCCGGCAGGGCCCAGTGAGCGACGAAAGCTCCTACCAACC 

GTCCAGGCAGTGGCGCTACCGGGAGGCCTCTAGGAAGGCGGARGCCATAGGGAAGCTGAAAGTCCAGGG 

CGAGGTCTCTCTGGAAAAGGAAGGCTCCTCCCAAGGGCTGAAGGCCAGCTGCAGGGCTGCAGCGCTGTC 

GGGGTAAGGGCTGCCGCGCTCTGGCCTGGARGGACAAGGCCAGCACACGGTGCCTCAAC 

AGGGATGGCGGCAGACCARGGGCCAGGCCAAAGCACTGGCA 

CCCACCTTAGGCCTCTCAGTGTGTCCAGGATGGCATTCCCAGAATGCAGGGGAGAGCAGGATGCCGGGT 
GGAGGAGACAGGCAAGGTGCCGTTGGCACACCAGCTCAGACAGGGGCCTGCGCAGCTGCAGGGGACAGA 
CGCCCAATCAC'TCTCACAGGAGAGTCACCTTAGAAATTGGACAGCTGCATGTTCTGTGCrCTCC 
GTCCCTTCCAATATTAATAAACTTCCCTTTTAAATATAAAAAAAAAAAAAAAAAA 



c A partial nucleotide sequence of a human HEOAD54 (SEQ ID NO: 3). 
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RFGAAACKVNLFWLSTNRKASWFLTAIALNRYLKWXPH^^ 

LLNTFSGPSCLSYRVGTKPSASLRWHQALYLLEFFLPLALILFAIVSIGLTIR1JRGLGGQAGPQRAMRV 
LAMVWAVYTICFLPSIIFGMASMVAFWLSACRSIjDLCTQLFHGSI^FTYLNSVIjDPVLYCFSSPNFIjHQ 
NRALLGLTRGRQGPVSDESSYQPSRQWRYREASRKAEAIGKLKVO^ 

G . GLPRSGLEGiQGQHTVPQPTGQGMAADQGPGQSTGRTQVGGRXXNPP . ASQCVQDGI PRMQGRAGCRV 
EETGKVPLAHQLRQGPAQLQGTDAQSLSQQSHLRNWTAACSVI.SSLSLPILINFPFKYKKKKKK 



SO 



ss 



. d A partial amino acid sequence of a human HEOAD54 (SEQ ID NO: 4). 

The present invention further relates to polynucleotides that hybridize to the herein above<lescribed sequences. 
In this regard, the present invention especially relates to polynucleotides .which hybridize under stringent condifons to 
the herein above-described polynucleotides. As herein used, the term "string nt conditions" means hybnd.zat.on w.ll 
occur only if there is at least 80%, and preferably at least 907c and more preferably at least 95%, yet even more 
preferably 97-99% identity between the sequences. -. ■ ; ' 

Polynucleotides of the invention, which are identical sufficiently identical to a nucleot.de sequence conta.ned .n 
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SEQ ID NO:1 or a fragment thereof, may be used as hybridization probes for cDNA and genomic ON A, to isolate full- 
length cDNAs and genomic clones encoding HEOAD54 and to isolate cDNA and genomic clones of other genes (in- 
cluding genes encoding homologs and orthologs from species other than human) that have a high sequence similarity 
to the HEOAD54 gene. Such hybridization t chniques are known to those of skill in the art. Typically these nucleotide 
s sequences are 80% identical, pr ferably 90% identical, more preferably 95% identical to that of the refer nt. The probes 
generally will comprise at least 15 nucleotides. Preferably, such probes will have at least 30 nucleotides and may have 
at least 50 nucleotides. Particularly preferred probes will range between 30 and 50 nucleotides. 

One embodiment, to obtain a polynucleotide encoding the HEOAD54 polypeptide, including homologs and or- 
thologs from species other than human, comprises the steps of screening an appropriate library under stingent hybrid- 
io ization conditions with a labeled probe having the SEQ ID NO: 1 or a fragment thereof (including that of SEQ ID NO: 
3), and isolating full-length cDNA and genomic clones containing said polynucleotide sequence. Such hybridization 
techniques are well known to those of skill in the art. Stringent hybridization conditions are as defined above or alter- 
natively conditions under overnight incubation at 42°C in a solution comprising: 50% formamide, 5xSSC (1 50mM NaCI, 
15mM trisodium citrate), 50 mM sodium phosphate (pH7.6), 5x Denhardt's solution, 10 % dextran sulfate, and 20 
microgram/ml denatured, sheared salmon sperm DNA, followed by washing the filters in 0.1 x SSC at about 65°C. 

The polynucleotides and polypeptides of the present invention may be employed as research reagents and ma- 
terials for discovery of treatments and diagnostics to animal and human disease. 

Vectors, Host Cells, Expression 

The present invention also relates to vectors which comprise a polynucleotide or polynucleotides of the present 
invention, and host cells which are genetically engineered with vectors of the invention and to the production of polypep- 
tides of the invention by recombinant techniques. Cell-free translation systems can also be employed to produce such 
proteins using RNAs derived from the DNA constructs of the present invention. 

For recombinant production, host cells can be genetically engineered to incorporate expression systems or portions 
thereof for polynucleotides of the present invention. Introduction of polynucleotides into host cells can be effected by 
methods described in many standard laboratory manuals, such as Davis et al., BASIC METHODS IN MOLECULAR 
BIOLOGY (1986) and Sambrook et aL, MOLECULAR CLONING: A LABORATORY MANUAL, 2nd Ed., Cold Spring 
Harbor Laboratory Press, Cold Spring Harbor, N.Y. (1989) such as calcium phosphate transfection, DEAE-dextran 
mediated transfection, transvection, microinjection, cation ic lipid-mediated transfection, electroporation, transduction, 
scrape loading, ballistic introduction or infection. 

Representative examples of appropriate hosts include bacterial cells, such as streptococci, staphylococci, E. coli, 
Streptomyces and Bacillus subtifis cells; fungal cells, such as yeast cells and Aspergillus cells; insect cells such as 
Drosophila S2 and Spodoptera Sf9 cells; animal cells such as CHO, COS, HeLa, C1 27, 3T3, BHK, HEK 293 and Bowes 
melanoma cells; and plant cells. 

A great variety of expression systems can be used. Such systems include, among others, chromosomal, episomal 
and virus-derived systems, e.g., vectors derived from bacterial plasmids, from bacteriophage, from transposons, from 
yeast episomes, from insertion elements, from yeast chromosomal elements, from viruses such as baculoviruses, 
papova viruses, such as SV40, vaccinia viruses, adenoviruses, fowl pox viruses, pseudorabies viruses and retrovirus- 
es, and vectors derived from combinations thereof, such as those derived from plasmid and bacteriophage genetic 
elements, such as cosmids and phagemids. The expression systems may contain control regions that regulate as well 
as engender expression. Generally, any system or vector suitable to maintain, propagate or express polynucleotides 
to produce a polypeptide in a host may be used. The appropriate nucleotide sequence may be inserted into an expres- 
sion system by any of a variety of well-known and routine techniques, such as, for example, those set forth in Sambrook 
et al., MOLECULAR CLONING, A LABORATORY MANUAL (supra). 

For secretion of the translated protein into the lumen of the endoplasmic reticulum, into the periplasmic space or 
into the extracellular environment, appropriate secretion signals may be incorporated into the desired polypeptide. 
These signals may be endogenous to the polypeptide or they may be heterologous signals. 

If the HEOAD54 polypeptide is to be expressed for use in screening assays, generally, it is preferred that the 
polypeptide be produced at the surface of the cell. In this event, the cells may be harvested prior to use in the screening 
assay. If the HEOAD54 polypeptide is secreted into the medium, the medium can be recovered in order to recover and 
purify the polypeptide; if produced intracellular!^ the cells must first be lysed before the polypeptide is recovered, 

HEOAD54 polypeptides can be recovered and purified from recombinant cell cultures by well-known methods 
including ammonium sulfate or ethanol precipitation, acid extraction, anion or cation exchange chromatography, phos- 
phocellulose chromatography, hydrophobic interaction chromatography, affinity chromatography, hydroxylapatite chro- 
matography and lectin chromatography. Most preferably, high performance liquid chromatography is employed for 
purification. Well known techniques for refolding proteins may be employed to regenerate active conformation when 
the polypeptide is denatured during isolation and or purification. 
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Diagnostic Assays 

• «i'«nriion«i«tPB-tothe useof' HEOAD54 polynucleotides for use as diagnostic reagents. Dete^ 
■ Th» .nvent on f ° ^ provide a diagnostic tool that can add to or 

'^N^!^ toS^'o-yini obtained from a subject's cells, such as from b,cod, urine, saliva, tissue biopsy 
Nucle.c acids »^«^»" » used directly for detection or may be amplified enzymat.cally by us.ng 

STi ^ ^cante detected by a cKange in size of the amp.ified product in comparison to the norma genotype 
SnSations can be identified 

^^S^^ distinguished from mismatched duplexes by RNase digestion or by differences ,n™ ftng 
temperatures DN A sequence differences may also be detected by alterations in electrop ^ ret ^°^ ^ ° gglj 
meTts in qels with or without denaturing agents, or by direct DNA sequencing. See, e.g.. Myers etal, Scence (1985) 
a£ M 242 'sequence changes at specific locations may also be revealed by nuclease - 
andSI protection orthe chernidal cleavage method. See Cotton etal.. Proa Natl Acad So, USA 1985) 85. <397-""- 
■E^72Sirn*t an array of oligonucleotides probes comprising the HEOAD54 nucleotide sequenq ,c .frag, 
IntfthLoTcan be constructed to conduct efficient screening of e.g.. genetic mutations. Array 
rwe!l k'own and have general applicabi.ity and can be used to address a 

including gene expression, genetic linkage, and genetic variability. (See for example. M.Chee et al.. Science. Vol .274, 

PP ^diagnSassays off er a process f or diagnosing or determining a susceptibilrty to Sections such as bacterial 
fungi" pSan and viral infections, particularly infections caused by HIV-1 or H.V-2; pain; ^^' b ^ 
25 asthma Parkinson's disease;, acute heart failure, hypotension; hypertens.on;ur.naiy retention,, osteoporosis, angina 
SS; mySitinfarction; u.cers,asthma; allergies; benign prostatic hypertrophy; and P»^^^ 
' disorders, including anxiety, schizophrenia, manic depression, delirium, «^*\^7 n ^J?J^3S»-; 
kinesias. such as Huntington's disease or Gilles dela Tourett's syndrome through detection of mutation in the HEOAD54 

^!n*a£C!^ 

HIV-1 or HIV-2 : pain cancers; anorexia; bulimia; asthma; Parkinson's disease; acute heart farture, ^ n ^^' 
oertension urina* retentton;. osteoporosis; angina pectoris;' myocardial infarction; ulcers; asthma; allerg.es , be^gn 
SSrKv and psychotic and neurological disorders, including anxiety, schizophrenia^ rnan,c depress^n 
S um dementte severe mental retardation and dyskinesias, such as Huntington's disease or G.lles dela Tourett s 

decreased or increased level oUhe.HEOAD54 polypeptide or HEOAD54 mRNA. Decreased or increased ex^ 
dan be meaturedat the RNA level using any of the methods well known in the art forthe quantitat.on of po ^nucleotides, 
sue Tas £e»r£ toPCR. RT-PCR, RNase protection, Northern blotting and other hybridization methods. Assay 
ect iques that c^n be used to determine levels of a protein, such as an HEOAD54. in a 

are well-known to those of skill in the art: :Such assay methods include radioimmunoassays, compet.twe-b.nd.ng assays. 

particularly infections such as bacterial, fungal, protozoan and viral infections, particularly infections caused by HIV-1 
o7h^ 

rrZreSnTo^ 

troohv- and osvchotic and neurological disorders, including anxiety, sch.zophren.a, manic depression, del.num, de 
mentfa .^m^al^ardation and dyskinesias, such as. Huntington's disease or Gilles dela Tourett's syndrome, 

which comprises: 

so ■: (a) an HEOAD54 polynucleotide, preferably the nucleotide sequence of SEQ ID NO: 1 , or a fragment thereof; 
(b) a nucleotide sequence complementary to that of (a); . , .- 

c an HEOAD54 polypeptide, preferably the polypeptide of SEQ ID NO: 2, <* ° r 
(d) an antibody to an HEOAD54 polypeptide, preferably to the polypeptide of SEQ ID NO: 2. 

55 it will be appreciated that in any such kit (a), (b), (c) or (d) may comprise a substantial component. 
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Chromosom Assay 

The nucleotide sequences of the present invention are also valuable for chromosome identification. The sequence 
is specifically targeted to and can hybridize with a particular location on an individual human chromosome. The mapping 
of relevant sequences to chromosomes according to th present invention is an important first step in correlating those 
sequences with gene associated disease. Once a sequence has been mapped to a precise chromosomal location, the 
physical position of the sequence on the chromosome can be correlated with genetic map data. Such data are found 
for example, in V. McKusick, Mendelian Inheritance in Man (available on line through Johns Hopkins University Welch 
Medical Library). The relationship between genes and diseases that have been mapped to the same chromosomal 
region are then identified through linkage analysis (coinheritance of physically adjacent genes). 
The differences in the cDNA or genomic sequence between affected and unaffected individuals can also be determined 
If a mutation is observed in some or all of the affected individuals but not in any normal individuals, then the mutation 
is likely to be the causative agent of the disease. 

Antibodies 

- The polypeptides of the invention or their fragments or analogs thereof, or cells expressing them can also be used 
as immunogens to produce antibodies immunospecific for the HEOAD54 polypeptides. The term -immunospecific- 
means that the antibodies have substantial! greater affinity for the polypeptides of the invention than their affinity for 
other related polypeptides in the prior art. , * 

Antibodies generated against the HEOAD54 polypeptides can. be obtained by administering the polypeptides or 
epitope-bear.ng fragments, analogs or cells to an animal, preferably a nonhuman, using routine protocols For prepa- 
ration of monoclonal antibodies, any technique which provides antibodies produced by continuous cell line cultures 
can be used. Examples include the hybridoma technique (Kohler, G. and Milstein, C, Nature (1975) 256 495497) -the* 
tnoma technique, the human B-cell hybridoma technique (Kozbor era/., Immunology 7bday(1983) 4 72) and the EBV- 
hybridoma technique (Cole et ai, MONOCLONAL ANTIBODIES AND CANCER THERAPY pp 77-96 Alan R hiss 
Inc., 1985). HK ' ' ^ ' 

Techniques for the production of single chain antibodies (U.S. Patent No. 4,946,778) can also be adapted to pro- 
duce single chain antibodies to polypeptides of this invention. Also, transgenic mice, or other organisms including other 
mammals, may be used to express humanized antibodies. 

The above-described antibodies may be employed to isolate or to identify clones expressing the polypeptide or to 
purify the polypeptides by affinity chromatography. . 

Antibodies' against HEOAD54 polypeptides may also be employed to treat infections such as bacterial fungal 
protozoan and viral infections, particularly infections caused by HIV-1 or HIV-2; pain; cancers; anorexia; bulimia* asth- 
ma; Parkinson's disease; acute heart failure; hypotension; hypertension; urinary retention; osteoporosis- angina pec- 
tons; myocardial infarction; ulcers: asthma; allergies; benign prostatic hypertrophy; and psychotic and' neurological 
disorders, including anxiety, schizophrenia, manic depression, delirium, dementia, severe mental retardation and dys- 
kinesias, such as Huntington's disease or Gilles dela Tourett's syndrome, among others. - 

40 Vaccines 

Another aspect of the invention relates to a method for inducing an immunological response in a mammal which 
comprises inoculating the mammal with the HEOAD54 polypeptide, or a fragment thereof, adequate to produce anti- 
body and/or T cell immune response to protect said animal from infections such as bacterial, fungal, protozoan and 
viral mfect.ons, particularly infections caused by HIV-1 or HIV-2; pain; cancers; anorexia; bulimia; asthma; Parkinson's 
disease; acute heart failure; hypotension; hypertension; urinary retention; osteoporosis; angina pectoris- myocardial 
infarction; ulcers; asthma; allergies; benign prostatic hypertrophy; and psychotic and neurological disorders including 
anxiety, schizophrenia, manic depression, delirium, dementia, severe mental retardation and dyskinesias such as 
Huntington's disease or Gilles dela Tourett's syndrome, among others. Yet another aspect of the invention relates to 
a method of inducing immunological response in a mammal which comprises delivering an HEOAD54 polypeptide via 
a vector d.rectmg expression of an HEOAD54 polynucleotide /„ v /vo in order to induce such an immunological response 
to produce antibody to protect said animal from diseases. 

Further aspect of the invention relates to an irrimunologicaUvaccine formulation (composition) which, when intro- 
duced into a mammalian host, induces an immunological response in that mammal to an HEOAD54 polypeptide where- 
in the composition comprises an HEOAD54 polypeptide or HEOAD54 gene. The vaccine formulation may further com- 
prise a suitable carrier. Since the HEOAD54 polypeptide ma y be broken down in the stomach, it is preferably admin- 
istered parenteral^ (including subcutaneous, intramuscular, intravenous, intradermal etc. injection). Formulations suit- 
able for parenteral administration include aqueous and non-aqueous sterile injection solutions which may contain anti- 
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and can be readily determined by routine experimentation. . 

Screening Assays - ■- - - - ■ *- - - - - 

• The HEOAD54 polypeptide of the present invention may be employed in a screening process lor compounds 
k- h iho rfrpnW Ind lch activate (agonists) or inhibit activation of , (antagonists) the receptor polypept.de of the 

P re f " " fnrexamole cells cell-free preparations, chemical libraries, and natural product mixtures. These 

sis^s^ - ™ be s — 1 * ,unctionai mime,ics see co,i9an 

is des'ous to find compounds and drugs which stimulate HEOAD54 on the one hand and wh.h can inhibiUhe unct on 
of H |oAD54 on the other hand. In general, agonists are employed for therapeutic and prophylacfc purpose .for such 
cLnJtTons as?nfect1ons such as bacterial, fungal, protozoan and viral infections, particularly infecfons caused by HIV- 

l^Z^^^S^ angina pectoris; myocardial infarction; ulcers; asthma; allergies; ben.gn prostatic 
nlnertraohv and I osmotic and neurological disorders, including anxiety, schizophrenia. man.c depression, del.num. 
deme^%Te^ 

Antagonists may be employed for a variety of therapeutic and prophy^ct^ 

such as bacterial fungal, protozoan and viral infections, particularly infections caused by:HIV-1 or HI V-2, pain, cancers. 
ano^Si^ 

feoooross angina pectoris; myocardial r infarction^ulcers;,asthma;.allergies; : benign. prostatic : hypert ophy,.and^sy , 
choSdneS 

30 tal retardation and dyskinesias, such as Huntington's disease or GillesdelaTouretts syndrome. nhinar ^ irift . i 
Sneral. suchscreening procedures invoke producing appropriate ce.ls which express ^^SS^ST 
of the oresent invention on the surf ace thereof. Such cells.include 

comDound to observe binding, or stimulation or inhibition of a functional response.. . * 

uJZZS^££^-«** measures extrace.lular pH or. intracellular calcium changes <^»™% 
actatioalnihis technique, compounds may be contacted with cells expressing the receptor polypeptide o the p^ 
ESSE?' A second messenger response, e.g.. signal transduction, pH changes, or changes ,n calcium level, ,s then 
measured to determine whether the potential compound activates or .nhibits the receptor. . 

Another method invo.ves screening for receptor inhibitors by determining inhibition or st.mu.at.on, 
diateTcAMP and/or adenylate cyclase accumulation. Such a method involves transfecfng a eukaryot.c eel «rth he 
. SoroTthis invents to express the receptor on the ce.l surface. The cel. is then !?^^;^SS l 
in the presence of the receptor of this invention. The amount of cAMP accumulate is thervmeasured. If th poter^al 
antagonist binds the receptor, and thus inhibits receptor binding, the levels of receptor-mediated cAMR or adenylate 

^eTss^™ 

is delected mZs of a label direct* for indirect* associated With the candidate compound 
competition with a labeled competitor. Further, these assays may test whether the cand.da^ compound results in a 
3tenerated by activation oHhe receptor, using detection sy^ 

Surfaces, inhibitors of activation are generally assayed in the presence of a known agonist and the effect on 
activation by the agonist by the presence of the candidate compound is observed. _„ tsll „ ip , n a 

FuT^L assays may simpfy comprise the steps of mixing a candidate compound with a ^^f"^. a 
HEOADsI polypeptide to form a mixture, measuring HEOAD54 activrty in the mixture, and companng the HEOAD54 

^S^^SSSi^ antibCies to the protein.may also be used to con^^ 
the effect of added compounds on the production of HEOAD54 mRNA and prote.n ,n ce.ls. For example, an ELISA 
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may be constructed for measuring secreted or cell associated levels of HEOAD54 protein using monoclonal and pol- 
yclonal antibodies by standard methods known in the art, and this can be used to discover agents which may inhibit 
. or enhance the production of HEOAD54 (also called antagonist or agonist, respectively) from suitably manipulated 
cells or tissues. Standard methods for conducting screening assays are well understood in the art. 

5 Examples of potential HEOAD54 antagonists include antibodies or, in some cases, oligonucleotides or proteins * 

which are closely related to the ligand of the HEOAD54, e.g., a fragment of the ligand, or small molecules which bind 
to the receptor but do not elicit a response, so that the activity of the receptor is prevented. 

Thus in another aspect, the present invention relates to a screening kit for identifying agonists, antagonists, ligands, 
receptors, substrates, enzymes, etc. for HEOAD54 polypeptides; or compounds which decrease or enhance the pro- 

io duction of HEOAD54 polypeptides, which comprises: 

(a) an HEOAD54 polypeptide, preferably that of SEQ ID NO:2; 

(b) a recombinant cell expressing an HEOAD54 polypeptide, preferably that of SEQ ID NO:2; 

(c) a cell membrane expressing an HEOAD54 polypeptide; preferably that of SEQ ID NO: 2; or 
15 '(d) antibody to an HEOAD54 polypeptide, preferably that of SEQ ID NO: 2. 

It will be appreciated that in any such kit, (a), (b), (c) or (d) may comprise a substantial component. 

Prophylactic and Therapeutic Methods 

20 

This invention provides methods of treating an abnormal conditions related to both an excess of and insufficient 
amounts of HEOAD54 activity. 

If the activity of HEOAD54 is in excess, several approaches are available. One approach comprises administering 
to a subject an inhibitor compound (antagonist) as hereinabove described along with a pharmaceutical^ ^acceptable 
carrier in an amount effective to inhibit activation by blocking binding of ligands to the HEOAD54, or by inhibiting a 
second signal, and thereby alleviating the abnormal condition. j 

In another approach, soluble forms of HEOAD54 polypeptides still capable of binding the ligand in competition 
with endogenous HEOAD54 may be administered: Typical embodiments of such competitors comprise fragments of 
the HEOAD54 polypeptide. 

In still another approach, expression of the gene encoding endogenous HEOAD54 can be inhibited using expres- 
sion blocking techniques. Known such techniques involve the use of antisense sequences, either internally generated 
or separately administered. See, for example, O'Connor, JNeurochem (1991) 56:560 in Oliqodeoxynucleotides as 
Antisense Inhibitors of Gene Expression. CRC Press, Boca Raton, FL (1988). Alternatively, oligonucleotides which 
form triple helices with the gene can be supplied. See, for example, Lee et al., Nucleic Acids Res (1979) 6:3073; 
Cooney era/., Sc/ence(1988) 241:456; Dervan era/., Sc/ence( 1991) 251:1360. These oligomers can be administered 
per se or the relevant oligomers can be expressed in vivo. 

For treating abnormal conditions related to an under-expression of HEOAD54 and its activity, several approaches 
are also available. One approach comprises administering to a subject a therape utically effective amount of a compound 
which activates HEOAD54, i.e., an agonist as described above, in combination with a pharmaceutical ly acceptabl 
carrier, to thereby alleviate the abnormal condition. Alternatively, gene therapy may be employed to effect the endog- 
enous production of HEOAD54 by the relevant cells in the subject, For example, a polynucleotide of the invention may 
be engineered for expression in a replication defective retroviral vector, as discussed above. The retroviral expression 
construct may then be isolated and introduced into a packaging cell transduced with a retroviral plasmid vector con- 
taining RNA encoding a polypeptide of the present invention such that the packaging cell now produces infectious viral 
particles containing the gene of interest. These producer cells may be administered to a subject for engineering cells 
in vivo and expression of the polypeptide in wVo. For overview of gene therapy, see Chapter 20, Gene Therapy and 
other Molecular Genetic-based Therapeutic Approaches, (and references cited therein) in Human Molecular Genetics, 
T Strachan and A P Read, BIOS Scientific Publishers Ltd (1 996). 

50 Formulation and Administration 

Peptides, such as the soluble form of HEOAD54 polypeptides, and agonists and antagonist peptides or small 
molecules, may be formulated in combination with a suitable pharmaceutical carrier. Such formulations comprise a 
therapeutically effective amount of the polypeptide or compound, and a pharmaceutical^ acceptable carrier or excip- 
ient. Such carriers include but are not limited to t saline, buffered saline, dextrose, water, glycerol, ethanol, and com- 
binations thereof. Formulation should suit the mode of administration, and is well within the skill of the art. The invention 
further relates to pharmaceutical packs and kits comprising one or more containers filled with one or more of the 
ingredi nts of the aforementioned compositions of .the invention. 
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: Polypeptides and other compounds of the present invention may be employed alone or ^conjunction with other 
compounds, such as therapeutic compounds. • .. 

Preferred forms of systemic administration of the pharmac utical compositions include injection, typically by mtra- 
venous injection Oth r injection rout s, such as subcutaneous, intramuscular, or intraperitoneal, can be used. Alter- 
native means for systemic administration include transmucosal and transdermal administration using penetrants such 
as bile salts or fusidic acids or other detergents. In addition, if properly formulated in enteric or encapsulated formula- 
tions, oral administration may also be possible. Administration of these compounds may also be topical and/or localized, 
in the form of salves, pastes, gels and the like. , u „„„,„„,„ 

The dosage range required depends onthe choice of peptide, the route of administration, the. nature of the formu- 
lation the nature of the subject's condition/and the judgment of the attending practitioner. Suitable dosages, however, 
are in the range of 0.1-100 u.g/kg of subject. Wide variations in the needed dosage, however, are to be expected in 
view of the variety of compounds available and the differing efficiencies of various routes of administration. For example, 
. oral administration would be expected to requ ire higher dosages than administration by intravenous injection. Variations 
in these dosage levels can be adjusted using standard empirical routines for optimization, as is well understood in the 
art 

■ Polypeptides used in treatment can also be generated endogenously in the subject, in treatment modalities often 
referred to as "gene therapy" as described above. Thus, for example, cells from a subject may be engineered with a 
polynucleotide, such as a DNA or RNA, to encode a polypeptide ex vivo, and for example, by the use of a retroviral 
plasmid vector The cells are then introduced into the subject. 

Example 1: Mammalian Cell Expression 

The receptors of the present invention are expressed in either human embryonic kidney 293 (HEK293) cells or 
adherent dhfr CHO cells. To maximize receptor expression, typically all 5' and 3' untranslated regions (UTRs) are 
removed from~the receptor cDNA prior to insertion into: a pCDN: or pCDNA3 vector; The cells are transfected with 
individual receptor cDNAs by lipofectin and selected in the presence of 400 mg/ml G41 8. After 3 weeks of selection, 
individual clones are picked and expanded for further analysis; HEK293 or CHO cells transfected with the vector alone 
serve as negative controls. To isolate cell lines stably expressing the individual receptors, about 24 clones are typically 
selected and analyzed by Northern blot analysis. Receptor mRN As are generally detectable in about 50% of the;- 
G418-resistaht clones analyzed. 

Example 2 Ligand bank for binding and functional assays. 

: A bank of over 200 putative receptor ligands has been assembled for screening. The bank comprises: transmitters, 
hormones and chemokines known to act via a human seven transmembrane (7TM)- receptor; naturally occurring com- ; 
pounds which may be putative agonists for a human 7TM receptor, non-mammalian, biologically active peptides for. 
which a mammalian counterpart has not yet been identified; and compounds not found in nature, but which activate 
7TM receptors with unknown natural ligands. This bank is used to initially screen the receptor for known ligands, using 
both functional (i.e . calcium, cAMR microphysiometer, oocyte electrophysiology, etc, see below) as well as binding 
assays. * - 

Example 3:. Ligand Binding Assays 

Ligand binding assays provide a direct method for ascertaining receptor pharmacology and are adaptable to a 
high throughput format. The purified ligand for a receptor is radiolabeled to high specific activity (50-2000 Ci/mmol) for 
binding studies. A determination is then made that the process of radiolabeling does not diminish the activity of the 
ligand towards its receptor. Assay conditions for buffers, ions, pH and other modulators such as nucleotides are opti- 
mized to establish a workable signal to noise ratio for both membrane and whole cell receptor sources. For these 
assays, specific receptor binding is defined as total associated radioactivity minus the radioactivity measured in the 
- presence of an excess of unlabeled competing ligand. Where possible, more than one competing ligand is used to 
define residual nonspecific binding. 

Example 4: Functional Assay in Xenbpus Oocytes 

Capped RNA transcripts from linearized plasmid templates encoding the r ceptor cDNAs of th invention are 
synthesized in vitro with RNA polymerases in accordance with standard procedures. In vitro transcripts are suspended 
in water at a final concentration of 0.2 mg/ml. Ovarian lobes are removed from adult female toads, Stage V defolhculated 
oocytes are obtained, and RN A transcripts (10 ng/oocyte) are injected in a 50 nl bolus using a microinjection apparatus. 
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Two electrode voltage clamps are used to measure the currents from individual Xenopus oocytes in response to agonist 
exposure. Recordings are made in Ca2+ free Barth's medium at room temperature. The Xenopus system can be used 
to screen known ligands and tissue/cell extracts for activating ligands. 

Example 5: Microphysiometric Assays 

Activation of a wide variety of secondary messenger systems results in extrusion of small amounts of acid from a 
cell. The acid formed is largely as a result of the increased metabolic activity required to fuel the intracellular signaling 
process. The pH changes in the media surrounding the cell are very small but are detectable by the CYTOSENSOR 
microphysiometer (Molecular Devices Ltd., Menlo Park, CA). The CYTOSENSOR is thus capable of detecting the 
activation of a receptor which is coupled to an energy utilizing intracellular signaling pathway such as the G-protein 
coupled receptor of the present invention. 

Example 6: Extract/Cell Supernatant Screening 

A large number of mammalian receptors exist for which there remains, as yet, no cognate activating ligand (ago- 
nist). Thus, active ligands for these receptors may not be included within the ligands banks as identified to date. Ac- 
cordingly, the 7TM receptor of the invention is also functionally screened (using calcium, cAMP, microphysiometer, 
oocyte electrophysiology, etc., functional screens) against tissue extracts to identify natural ligands. Extracts that pro- 
duce positive functional responses can be sequentially subfractionated until an activating ligand is isolated and iden- 
tified. 

Example 7: Calcium and cAMP Functional Assays - 

7TM receptors which are expressed in HEK 293 cells have been shown to be coupled functionally to activation of 
PLC and calcium mobilization and/or cAMP stimuation or inhibition. Basal calcium levels in the HEK 293 cellsun re- 
ceptor-transfected or vector control cells were observed to be in the normal, 100 nM to 200 nM, range. HEK 293 cells 
expressing recombinant receptors are loaded with fura 2 and in a single day more than 150 selected ligands or tissue/ 
cell extracts are evaluated for agonist induced calcium mobilization. Similarly, HEK 293 cells expressing recombinant 
receptors are evaluated for the stimulation or inhibition of cAMP production using standard cAMP quantitation assays. 
Agonists presenting a calcium transient ore A MP flucuation are tested in vector control cells to determine if the response 
is unique to the transfected cells expressing receptor. 

All publications, including but not limited to patents and patent applications, cited in this specification are herein 
incorporated by reference as if each individual publication were specifically and individually indicated to be incorporated 
by reference herein as though fully set forth. „ 
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SEQUENCE LISTING 



10 



20 



. 25 



30 



45 



50 
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(1) GENERAL INFORMATION 



ti) APPLICANT: SmithKline Beecham Corporation 



<ii) TITLE OF THE INVENTION: cDNA -CLONE HEOAD54 • THAT ENCODES 
15 - HUMAN 7 -TRANSMEMBRANE' RECErTOR 

(iii) NUMBER OF SEQUENCES: 4 



(iv) CORRESPONDENCE ADDRESS: - 

(A) ADDRESSEE: SmithKline Beecham; corporate Intellectual 

\ Property 

(B) STREET: /Two New Horizons Court ; : * ' 

(C) CITY: Brentford 

^ (D) STATE: Middlesex 

(E) COUNTRY: United Kingdom •• 

(F) ZIP: TW8 9EP ' , '• . 



(v) COMPUTER READABLE FORM: 
(A) MEDIUM TYPE: Diskette 
35 (B) COMPUTER: IBM Compatible 

(C) OPERATING SYSTEM : DOS 

(D) SOFTWARE:' FastSEQ for Windows Version 2.0 

40 (vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: TO BE ASSIGNED 

(B) FILING DATE: 23-OCT-1997 

(C) CLASSIFICATION: UNKNOWN 



(vii) PRIOR APPLICATION DATA: , 

(A) APPLICATION NUMBER: 60/050,124 

(B) FILING DATE: 18-JUN-1997 



(viii) ATTORNEY /AGENT INFORMATION: 

(A) NAME: PRESTIA, PAUL F 

(B) REGISTRATION NUMBER: 23,031 
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(C) REFERENCE /DOCKET NUMBER : GH-70087 

(ix) TELECOMMUNICATION INFORMATION: 
(A) TELEPHONE: +44 1279 644 395 
<B) TELEFAX: +44 181 975 6294 
<C) TELEX: 

10 

(2) INFORMATION FOR SEQ ID NO : 1 : 

15 , (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1594 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 
20 <D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 : 

25 





GACTATCCTC 


CCACTTCAGG 


GTTTCTCTGG 


GCTTCCATCT 


TGCCCCTGCT 


GAGCCCTGCT 


60 




TCCTCCTCTA 


CCAGCAGCAC 


AACCCCCAGG 


CTGGGCTCAG 


AG AC CTCATG 


TGGTGGGATC 


120 


30 


ACTCAGTACC 


CCGAGGCGGA 


GGGAAGGAGG 


GAGGGCTGCA 


GGGTTCCCCT 


TGGCCTGCAA 


leoi 


ACAGGAACAC 


AGGGTGTTTC 


TCAGTGGCTG 


CGAGAATGCT 


GATGAAAACC 


CCAGGATGTT 


240 




GTGTCACCGT 


GGTGGCCAGC 


TGATAGTGCC 


AATCATCCCA 


CTTTGCCCTG 


AGCACTCCTG 


300 




CAGGGGTAGA 


AGACTCCAGA 


ACCTTCTCTC 


AGGCCCATGG 


CCCAAGCAGC 


CCATGGAACT 


360 


35 


TCATAACCTG 


AGCTCTCCAT 


CTCCCTCTCT 


CTCCTCCTCT 


GTTCTCCCTC 


CCTCCTTCTC 


42 0 




TCCCTCACCC. 


TCCTCTGCTC 


CCTCTGCCTT .TACCACTGTG 


GGGGGGTCCT 


CTGGAGGGCC 


48 Ql 




CTGCCACCCC 


ACCTCTTCCT 


CGCTGGTGTC 


TGCCTTCCTG 


GCACCAATCC 


TGGCCCTGGA 


540 




GTTTGTCCTG 


GGCCTGGTGG 


GGAACAGTTT 


GGCCCTCTTC 


ATCTTCTGCA 


TCCACACGCG 


600 


40 


GCCCTGGACC 


TCCAACACGG 


TGTTCCTGGT 


CAGCCTGGTG 


GCCGCTGACT 


TCCTCCTGAT 


660 




CAGCAACCTG 


CCCCTCCGCG 


TGGACTACTA 


CCTCCTCCAT 


GAGACCTGGC 


GCTTTGGGGC 


720 




TGCTGCCTGC 


AAAGTCAACC 


TCTTCATGCT 


GTCCACCAAC 


CGCACGGCCA 


GCGTTGTCTT 


780 




CCTCACAGCC 


ATCGCACTCA 


ACCGCTACCT 


GAAGG TGGTG 


CAGCCCCACC 


ACGTG CTG AG 


840 


45 


CCGTGCTTCC 


GTGGGGGCAG 


CTGCCCGGGT 


GGCCGGGGGA 


CTCTGGGTGG 


GCATCCTGCT 


900 




CCTCAACGGG 


CACCTGCTCC 


TGAGCACCTT 


CTCCGGCCCC 


TCCTGCCTCA 


GCTACAGGGT 


960 




GGGCACGAAG 


CCCTCGGCCT 


CGCTCCGCTG 


GCACCAGGCA 


CTGTACCTGC 


TGGAGTTCTT 


1020 


50 


CCTGCCACTG 


GCGCTCATCC 


TCTTTGCTAT 


TGTGAGCATT 


GGGCTCACCA 


TCCGGAACCG 


1080 


TGGTCTGGGC 


GGGCAGGCAG 


GCCCGCAGAG 


GGCCATGCGT 


, GTGCTGGCCA 


TGGTGGTGGC 


114 0 




CGTCTACACC 


ATCTGCTTCT 


TGCCCAGCAT 


CATCTTTGGC 


ATGGCTTCCA 


TGGTGGCTTT 


1200 




CTGGCTGTCC 


GCCTGCCGCT 


CCCTGGACCT 


CTGCACACAG 


CTCTTCCATG 


GCTCCCTGGC 


1260 


55 


CTTCACCTAC 


CTCAACAGTG 


TCCTGGACCC 


CGTGCTCTAC 


TGCTTCTCTA 


GCCCCAACTT 


1320 


CCTCCACCAG 


AGCCGGGCCT 


TGCTGGGCCT 


CACGCGGGGC 


CGGCAGGGCC 


CAGTGAGCGA 


1380 
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CGAGAGCTCC TACCAACCCT CCAGGCAGTG GCGCTACCGG GAGGCCTCTA GGAAGGCGGA 
GGCCATAGGG AAGCTGAAAG TGCAGGGCGA GGTCTCTCTG GAAAAGGAAG GCTCCTCCCA 
GGGCTGAGGG CCAGCTGCAG GGCTGCAGGG- CTGTGGGGGT AAGGGCTGCC GCGCTCTGGC 
CTGGAGGGAC AAGrGCCAGCA CACGGTGCCT ;CAAC 

(2) INFORMATION FOR SEQ ID NO : 2 : 



(i) SEQUENCE CHARACTERISTICS: ( 

: , „ . _ . . (A).' LENGTH: 423 amino acids . .- 1 ....... _L ' ... 

(B) TYPE: amino acid 
15 (C) STRANDEDNESS : single 

(D) TOPOLOGY: linear : * ] ■ * 

(ii) MOLECULE TYPE: protein 

20 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2 : ' 

Met .Leu .Cys His Arg Gly Gly Gin Leu lie Val Pro lie lie Pro Leu 

1 5 ' 10 ' -15 

Cys Pro Glu: His Ser Cys • Arg Gly Arg Arg Leu Gin Asn Leu Leu Ser 
20 25 30 

■ t Gly Pro Trp Pro Lys Gin Pro Met Glu Leu His Asn Leu Ser Ser Pro 
3 5. 40 45 

Ser Pro Ser Leu Ser Ser Ser Val Leu Pro Pro Ser Phe Ser Pro Ser 

50 \ 55 . * 60 ' 

Pro Ser Ser Ala Pro Ser Ala Phe Thr Thr Val Gly Gly Ser Ser Gly 
65 ■ 70 * 75 • 80 

Gly Pro Cys His Pro Thr Ser Ser Ser Leu Val Ser Ala "Phe Leu Ala ' 
85 90 / 95 - 

Pro lie. Leu Ala Leu. Glu Phe Val Leu Gly Leu Val Gly Asn Ser Leu 

:, 100 - 105 110 

Ala ( Leu Phe He Phe Cys lie His Thr- Arg Pro Trp Thr Ser Asn Thr 

115 120 . 125 

Val Phe Leu Val Ser Leu Val Ala Ala Asp Phe Leu Leu lie. Ser Asn 
45 130 *• 135 140 

Leu Pro Leu Arg Val Asp Tyr Tyr Leu Leu His 'Glu Thr Trp, Arg Phe. 
145 , 150 155 160 

Gly Ala Ala Ala Cys Lys Val Asn Leu Phe Met Leu Ser Thr. Asn Arg 
SO 1 65 170 175 

Thr Ala Ser Val Val Phe Leii Thr Ala lie Ala Leu Asn Arg Tyr Leu 

180 185 .190 

Lys Val Vai Gin Pro, His His Val Leu Ser Arg Ala Ser Val Gly Ala 
55 195 200 205 
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Ala Ala Arg Val Ala Gly Gly Leu Trp Val Gly lie Leu Leu Leu Asn 

210 2,15 22 0 

Gly His Leu Leu Leu Ser Thr Phe Ser Gly Pro Ser Cys Leu Ser Tyr 
225 230 235 . 240 

Arg Val Gly Thr Lys Pro Ser Ala Ser Leu Arg Trp His Gin Ala Leu 

245 250 255 

Tyr Leu Leu Glu Phe Phe Leu Pro Leu Ala Leu lie Leu Phe Ala lie 

260 265 270 

Val Ser He Gly Leu Thr He Arg Asn Arg Gly Leu Gly Gly Gin Ala 

275 280 285 

Gly Pro Gin Arg Ala Met Arg Val Leu Ala Met Val Val Ala Val Tyr 

290 295 300 ' 

Thr He Cys Phe Leu Pro Ser He He Phe Gly Met Ala Ser Met Val 
305 310 315 320 

Ala Phe Trp Leu Ser Ala Cys Arg Ser Leu Asp Leu Cys Thr Gin Leu 

325 330 335 

Phe His Gly Ser Leu Ala Phe Thr Tyr Leu Asn Ser Val Leu Asp Pro 

340 345 350 

Val Leu Tyr Cys Phe Ser Ser Pro Asn Phe Leu His Gin Ser Arg Ala 

355 360 365 

Leu Leu Gly Leu Thr Arg Gly Arg Gin Gly Pro Val Ser Asp Glu Ser 

370 375 380 

Ser Tyr Gin Pro Ser Arg Gin Trp Arg Tyr Arg Glu Ala Ser Arg Lys 
385 390 395 400 

Ala Glu Ala He Gly Lys Leu Lys Val Gin Gly Glu Val Ser Leu Glu 

405 410 415 

Lys Glu Gly Ser Ser Gin Gly 
420 

(2) INFORMATION FOR SEQ ID NO : 3 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 14 3 5 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA . 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

GGCACGAGCT GCCTTCCTGG CACCAATCCT GGCCCTGGAG TTTGTCCTGG GCCTGGTGGG 
GAACAGTTTG GCCCTCTTCA TCTTCTGCAT CCACACGCGG CCCTGGACCT CCAACACGGT 
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5 



10 



15 



GTTCCTGGTC 


AGCCTGGTGG 


CCGCTGACTT 


CCTCCTGATC 


AGCAACCTGC 


CCCTCCGCGT 


180 


GGACTACTAC 


CTCCTCCATG 


AGAGCTGGCG ' 


CTTTGGGGCT 


GCTGGCTGCA 


AAGTC AACCT ' 


240 


CTTCATGCTG 


TCNACCAACC GCAAGGCCAG 


CGTTGTCTTC 


CTCACAGCCA TCGCACTCAA 


300 


CCGCTACCTG 


AAGGTGGTGC 


ANCGCCACCA 


CGTGCTGAAC 


CGTGCTTCGG 


TGGGGGCANC 


360 


TGCCGGGGTG 


GNCGGGGGAA 


TCTGGGTG.GG 


CATCCTGCTC, 


CTCAACGGGN 


ACCTGCTCCT 


420 


GAACACCTTC 


TCCGGCCCCT 


CCTGCCTCAG 


CTACAGGGTG 


GGCACGAARC 


CCTCGGCCTC 1 


480 


GCTCCGCTGG 


CACCAGGCAC 


TGTACCTGCT 


GGARTTYTTG 


-GTGGGACTGG 


GGCTGATCCT - 


540 


CTTTGCTATT 


GTG AG CATTG 


GGCTCACCAT 


CCGGAACCGT 


GGTCTGGGCG 


GGCAGGCAGG 


600 


CCCGCAGAGG 


GCCATGCGTG- 


TNCTGGCCAT . GGTGGTGGCY . GTCTACACCA 


TCTGCTTCTT 


66 0 


GCCCAGCATC 


ATCTTTGGCA 


TGGCTTCCAT 


GGTGGCTTTC 


TGGCTGTCCG 


CCTGCCGATC 


72 0 


CCTGGACCTC 


TGCACACAGC 


TCTTCCATGG 


CTCCCTGGCC 


TTCACCTACC 


TCAACAGTGT 


780 


CCTGGACCCC 


GTG CTCTACT 


GCTTCTCTAG 


CCCCAACTTC 


CTCCACCAGA 


ACCGGGCCTT 


840 


GCTGGGCCTC 


ACG CGGGGCC 


GGCAGGGCGC 


AGTGAGCGAC 


GAAAGCTCCT 


ACCAACCCTC 


900 


' CAGGCAGTGG 


CGCTACCGGG 


AGGCCTCTAG 


GAAGGCGGAR 


GGCATAGGGA 


AGCTGAAAGT 


960 


GCAGGGGGAG 


GTCTCTCTGG 


AAAAGGAAGG 


CTCCTCCCAA 


GGGCTGAAGG 


CCAGCTGCAG 


102 0 


GGCTGCAGCG 


CTGTGGGGGT 


AAGGGCTGCC 


GCGCTCTGGC 


CTGGARGGAC 


AAGGGCAGCA 


1080 


CACGGTGCCT 


CAACCAACTG 


GACAAGGGAT 


GGCGGCAGAC 


CARGGGCCAG 


GCCAAAGCAC 


1140 


TGGCAGGACT 


CAGGTGGGTG 


GCAGGKARAR 


AAACCCACCT 


TAGGCCTCTC ^AGTGTGTCCA 


1200 


~~ GGATGGCATT/ ■ CCCAGAATGC 


i AGGGGAGAGC 


' AGGATGGCGG 


; * GTGGAGGAGA: CAGGCAAGGT ' 


12 60 


GCCGTTGGCA :CACCAGCTCAi GACAGGGGCC 


TGCGCAGCTG 


CAGGGGAGAG 


ACGCCCAATC 


--, 13 2.0 


ACTGTCACAG: CAGAGTCACC . TTAGAAATTG GAGAGCTGCA/TGTTCTGTGC 


tctccAgttt 


13 8 0 


GTCCCTTCCA 


; ATATTAATAA 


ACTTCCCTTT : TAAATATAAA 


AAAAAAAAAA 


AAAAA 


1435 



30 

(2) INFORMATION' FOR SEQ ID\ NO:4 : 



(i) SEQUENCE CHARACTERISTICS': 

35 • ' 

(A) LENGTH: 476 amino acids 

(B) TYPE: amino acid 

' : (C) STRANDEDNESS : single 
40 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 4 : 
45 ' • 

Ala Arg Ala Ala Phe Leu Ala Pro lie Leu Ala Leu Glu Phe Val Leu 

1 . 5 10 . 15 

Gly Leu Val Gly Asn Ser Leu Ala Leu Phe lie Phe Cys He His Thr 
so 20 25 30 

Arg Pro Trp Thr Ser Asn Thr Val Phe Leu Val Ser Leu Val Ala Ala 

35 40 45 

Asp Phe Leu Leu He Ser Asn Leu Pro Leu Arg Val Asp Tyr Tyr Leu 
55 5 0 - 55 66 
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Leu His Glu Thr Trp Arg Phe Gly Ala Ala Ala Cys Lys Val Asn Leu 
65 70 75 80 

Phe Met Leu Ser Jhr Asn Arg Lys Ala Ser Val Val Phe Leu Thr Ala 

85 90 95' 

lie Ala Leu Asn Arg Tyr Leu Lys Val Val Xaa Pro His His Val Leu 

100 105 no 

Asn Arg Ala Ser Val Gly Ala Xaa Ala Arg Val Xaa Gly Gly lie Trp 

115 120. 125 

Val Gly lie Leu Leu Leu Asn Gly Xaa Leu Leu Leu Asn Thr Phe Ser, 

130 135 140 

Gly Pro Ser Cys Leu Ser Tyr Arg Val Gly Thr Lys Pro Ser Ala Ser 
145 150 r . 155 160 

Leu Arg Trp His Gin Ala Leu Tyr Leu Leu Glu Phe Phe Leu Pro Leu 

165 170 175 

Ala Leu lie Leu Phe Ala He Val Ser He Gly Leu Thr He Arg Asn 

180 185 . 190 

Arg Gly Leu Gly Gly Gin Ala Gly Pro Gin Arg Ala Met Arg Val Leu 

195 200 . f 205 . 

Ala Met Val Val Ala Val Tyr Thr He Cys Phe Leu Pro Ser He IleV 

210 215 22 0 

Phe Gly Met Ala Ser Met Val Ala Phe Trp Leu 'Ser Ala Cys Arg Ser. 
225 230 235 240r 

Leu Asp Leu Cys Thr Gin Leu Phe His Gly Ser Leu Ala Phe Thr Tyr 

245 250 255 

Leu Asn Ser Val Leu Asp Pro Val Leu Tyr Cys Phe Ser Ser Pro Asn 

260 265 270 

Phe Leu His Gin Asn Arg Ala Leu Leu Gly Leu Thr Arg Gly Arg Glnr 

275 280 285 ■ 

Gly Pro Val Ser Asp Glu Ser Ser Tyr Gin Pro Ser Arg Gin Trp Arg 

290 295 300 

Tyr Arg Glu Ala Ser Arg Lys Ala Glu Ala He Gly Lys Leu Lys Val 
305 310 315 320 

Gin Gly Glu Val Ser Leu Glu Lys Glu Gly Ser Ser Gin Gly Leu Lys 

325 330 335 

Ala Ser Cys Arg Ala Ala Ala Leu Trp Gly Gly Leu Pro Arg Ser Gly 

340 345 350 

Leu Glu Gly Gin Gly Gin His Thr Val Pro Gin Pro Thr Gly Gin Gly 

355 360 365 

Met Ala Ala Asp Gin Gly Pro Gly Gin Ser Thr Gly Arg Thr Gin Val 

370 375 " 380 

Gly Gly Arg Xaa Xaa Asn Pro Pro Ala Ser Gin Cys Val Gin Asp Gly 
385 390 395 400 
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20 



25 



30 



45 



SO 



lie Pro Arg Met Gin Gly Arg Ala Gly Cys "Arg- Val Glu Glu .Thr Gly 

405 ■ 410 . 415 

Lys Val Pro Leu Ala ; His Gin Leu Arg Gin Gly Pro Ala Gin Leu Gin 

• ■■: . 420 ' 425 / 430 

Gly Thr Asp Ala Gin Ser Leu Ser Gin Gin Ser His Leu Arg Asn Trp 

435' ■ 440 ' 445 

Thr ;Ala"Ala-Cys Ser; -Va-l'-Leu- Ser Ser -Leu-Ser Leu :Pro:.-Ile Leu Jle_ 

450 , 455 460 

Asn-Phe -Pro-Phe Lys Tyr Lys Lys Lys Lys Lys Lys _ 
465 470 \ ' . '. ." 475 



Claims 



1 An isolated polynucleotide comprising a nucleotide sequence that has at least 80% identity over its entire length 
to a nucleotide sequence encoding the HEOAD54 polypeptide of SEQ ID NO:2; or a nucleot.de sequence com- 

plementary to said isolated polynucleotide. 

2. The polynucleotide of claim 1 wherein said polynucleotide comprises the nucleotide sequence contained in SEQ 
ID NO:1 encoding the HEOAD54 polypeptide of SEQ ID N02. < 

3. The polynucleotide of claim 1 wherein said polynucleotide comprises a nucleotide sequenced isatleast B0%- 
identical to that of SEQ ID NO: Lover its entire length. 

4. The polynucleotide of claim 3 which is polynucleotide of SEQ ID NO: 1. 

5. The polynucleotide of claim 1 which is DN A or RNA. . . 

6 A DN A or RNA molecule comprising an expression system, wherein said expression system is capable of Producing 
an HEOAD54 polypeptide comprising an amino acid sequence, which has at least 80% identrty with the polypept.de . 
35 • of SEQ ID NO:2 when said expression system ^ is present in a compatible host cell. ' 

7. A host cell comprising the expression system of claim 6. 

B A process for producing an HEOAD54 polypeptide comprising culturing a host of claim 7 under conditions sufficient 
40 for the production of said polypeptide and recovering the polypeptide from the culture. 

9 A process for producing a cell which produces an HEOAD54 polypeptide thereof comprising transforming or trans- 
f ecting a host cell with the expression system of claim 6 such that the host cell, under appropriate culture conditions, 
produces an HEOAD54 polypeptide. 

10. An HEOAD54 polypeptide comprising an amino acid sequence which is at least 80% identical to the amino acid 
sequence of SEQ ID NO:2 over its entire length. 

Y ' ' * ■ ' ■ 

11. The polypeptide of claim 10 which comprises the amino acid sequence of SEQ ID NO:2. 

12. An antibody immunospecific for the HEOAD54 polypeptide of claim-10. 

13. A method for the treatment of a subject in need of enhanced activity or expression of the HEOAD54 polypeptide 
of claim 10 comprising: 

(a) administering to the-subject a therapeutically effective amount of an agonist to said receptor; and/or ■ 

(b) providing to the subject an isolated polynucleotide comprising a nucleotide sequence that has at least 80 /o 
de'ntity to a nucleotide sequence encoding the HEOAD54 polypeptide of SEQ ID NO:2 over its ent.re length; 
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or a nucleotide sequence complementary to said nucleotide sequence in a form so as to effect production of 
said receptor activity in vivo. ■ ' • 

14. A method for the treatment of a subject having need to inhibit activity or expression of the HEOAD54 polypeptide 
5 of claim 10 comprising: 

(a) administering to the subject a therapeutically effective amount of an antagonist to said receptor; and/or 

(b) administering to the subject a nucleic acid molecule that inhibits the expression of the nucleotide sequence 
encoding said receptor; and/or 

10 (c) administering to the subject a therapeutically effective amount of a polypeptide that competes with said 

receptor for its ligand. 

15. A process for diagnosing a disease or a susceptibility to a disease in a subject related to expression or activity of 
the HEOAD54 polypeptide of claim 10 in a subject comprising: 

J £ 

(a) determining the presence or absence of a mutation in the nucleotide sequence encoding said HEOAD54 
polypeptide in the genome of said subject; and/or 

(b) analyzing for the presence or amount of the HEOAD54 polypeptide expression in a sample derived from 
said subject. 

20 

16. A method for identifying agonists to the HEOAD54 polypeptide of claim 10 comprising: 

(a) contacting a pell which produces an HEOAD54 polypeptide with a candidate compound; and 

(b) determining whether the candidate compound effects a signal generated by activation of the HEOAD54 
25 % polypeptide. 

1 7. An agonist identified by the method of claim 16. . . /" 

1 8. The method for identifying antagonists to the HEOAD54 polypeptide of claim 1 0 comprising: ■ 

30 

(a) contacting a cell which produces an HEOAD54 polypeptide with an agonist; and 

(b) determining whether the signal generated by said agonist is diminished in the presence of a candidate 
compound. ' 

35 1 9. An antagonist identified by the method of claim 18. 

20. A recombinant host cell produced by a method of Claim 9 or a membrane thereof expressing an HEOAD54 polypep- 
tide. 

40 
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